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(57) Deployable assembly for antennae, comprising:
- a structure comprising:

- n pairs of segments (4, 5), each pair of segments (4, 5)
corresponding to one side of a deployed polygonal
shape,

-n hinge joints between the two segments (4, 5) of a side,
and

- n hinged angular links (6) between every two adjacent
sides,

such that the structure is able to change from a stowed
position with a substantially cylindrical shape into a de-
ployed position with a substantially planar polygonal
shape with n sides, and

- a reflective surface (9),

wherein the deployable assembly additionally compris-
es:

- a deployable boom (3) between two segments (4, 5),
wherein the deployable boom (3) lays stowed between
the two segments (4, 5) before being deployed, the de-
ployable boom (3) ending in a feeder (1) that electromag-
netically feeds the antenna and that comprises a clamp-
ing element (2) for keeping the structure closed when
stowed, such thatthe feeder (1) plays the role of structural
supportelementwhen stowed and electromagnetic feed-
er for the antenna when deployed,

- a set of tensor elements (8) protruding from the back
of the segments (4, 5), and

- acable network (7) that can shape the reflective surface
(9), such that the corresponding cables are held by the
tensor elements (8).
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Description
Field of the invention

[0001] The present invention relates to a deployable
assembly for antennae, mainly used in space systems,
particularly to a deployable assembly to deploy large par-
abolic reflectors. The assembly is suitable for multiple
purposes not only to deploy large reflectors but also to
build large antennas for Earth observation and telecom,
to build foldable clusters of satellites and even to build
space debris capture systems.

Background

[0002] There are many deployable reflector antenna
structures already known in the state of the art.

[0003] US4030102A, referred to a "Deployable reflec-
tor structure”, discloses a supporting structure that de-
ployed resembles a spoked wheel which is retractable
into a compact volume by virtue of hinged rim and reela-
ble spokes that is an efficient and stable structure for
storing, deploying and supporting surfaces such as radar
and communications antennas, shielding, earth sensing,
solar cell arrays and solar energy reflectors.

[0004] US 3617113 A discloses a deployable reflector
assembly comprising a deployable reflector, a series of
deployable panels surrounding and operatively connect-
ed to said deployable reflector, said series of deployable
panels comprising a first deployable array of panels in-
terconnected to form substantially an open cylinder upon
deployment and a second deployable array of panels op-
eratively connected to said first deployable array of pan-
els, said second array of panels being interconnected to
form a substantially flat ring upon being deployed that
lies in a plane that is substantially perpendicular to the
central axis of said cylinder formed by said deployed first
array of panels and deploying means operatively con-
nected to said series of deployable panels for deploying
said series of deployable panels.

[0005] WO 2009153454 A2 discloses a hinged folding
structure consisting of an assembly of elements hinged
together by hinge means, where each of the elements
has at each end a hinge enabling it to be connected to
the end of another element across a hinge axis (X, Y),
all the pivot pins of the hinges being so constructed that
the structure can adopt two extreme positions, namely
an unfolded position where the elements are more or less
continuous with each other to form an ellipse, and a fold-
ed position where the elements are brought together and
approximately parallel with each other. The elements and
the hinges are connected both to means for controlling
the unfolding of the elements, and to assistance means
for ensuring simultaneity of the unfolding or folding of the
elements.

[0006] EP 2482378 A1disclosesadeployable antenna
which has a larger aperture diameter by four-side links
provided in at least three stages and which includes: six
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deployment link mechanisms arranged radially from a
central shaft so as to support an outer edge portion of a
flexible reflector mirror surface; and one deploymentdriv-
ing mechanism arranged at a lower portion of a center
of arrangement of the six deployment link mechanisms,
for unfolding the six deployment link mechanisms. Each
of the six deployment link mechanisms includes a first
four-side link, a second four-side link, and a third four-
side link arranged in an order from a position of the central
shaft, around which the six deployment link mechanisms
are arranged, toward an outer side of the each of the six
deployment link mechanisms so that the each of the six
deployment link mechanisms is structured to be foldable
in three stages.

[0007] WO 2013135298 A1 discloses a mechanical
support ring structure for supporting a deployable space
reflector antenna. The mechanical support ring structure
is convertible from a folded state into a deployed state
and comprises a ring-shaped pantograph having a plu-
rality of circumferentially arranged pantograph sections
which are deployable for converting the mechanical sup-
port ring structure from the folded state into the deployed
state, and a plurality of circumferentially arranged sup-
port rods, each pantograph section being arranged be-
tween a respective pair of support rods, wherein each
pantograph section comprises one or more pairs of pan-
tograph rods which intersect crosswise with each other
at a respective crossing position.

[0008] EP 2768077 A1 discloses a space deployable
structure able to change from a substantially cylindrical
configuration into a substantially planar polygonal con-
figuration having n sides, comprising: n pairs of seg-
ments, each pair of segments being formed by two single
segments, forming one side of the polygon of the de-
ployed structure, such that the single segments have a
lower base substantially vertical having a prismatic
shape, the segments being substantially symmetric be-
tween them with respect to the mentioned lower base,
having their longest direction parallel to the side of the
polygon formed in the deployed configuration of the struc-
ture; 2n joints that join the segments between them by
their extremes; and a deployment system based in the
simultaneous folding of all of the segments forming the
structure with respect to their contiguous segments, over
the corresponding joints, in such a way that the hinge
axis and the cone axis stay parallel to the plane of the
polygon in deployed configuration, the deployment an-
gles being always kept the same between the same type
of joints.

[0009] These prior art configurations provide deploya-
ble structures able to work satisfactorily. However, they
have some drawbacks, like the high number of devices
necessary to keep the structure folded during launch, the
high number of articulations and moving assemblies and
the very limited number of flight configurations and ap-
plications.
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Summary of the invention

[0010] Thus, itis an object of the invention to provide
a deployable assembily for reflectors used in space sys-
tems that is able to overcome the mentioned drawbacks.
[0011] The invention provides a deployable assembly
for antennae, comprising:

- astructure comprising:

- npairs of segments, each pair of segments cor-
responding to one side of a deployed polygonal
shape,

- n hinge joints between the two segments of a
side, and

- nhinged angular links between every two adja-
cent sides,

such that the structure is able to change from a stowed
position with a substantially cylindrical shape into a de-
ployed position with a substantially planar polygonal
shape with n sides, and

- areflective surface,
that additionally comprises:

- adeployable boom between two segments, wherein
the deployable boom lays stowed between the two
segments before being deployed, the deployable
boom ending in a feeder that electromagnetically
feeds the antenna and that comprises a clamping
element for keeping the structure closed when
stowed, such that the feeder plays the role of struc-
tural support element when stowed and electromag-
netic feeder for the antenna when deployed,

- aset of tensor elements protruding from the back of
the segments, and

- acable network thatcan shape the reflective surface,
such that the corresponding cables are held by the
tensor elements.

[0012] The main advantages of the configuration of the
invention versus the known configurations are:

- Simplified geometric configuration for a deployable
parabolic reflector.

- ltprovides areduced volume of the stowed assembly
in the launch configuration, compatible with existing
launchers whilst maximizing aperture ratio.

- ltallows accommodating within segments of the hex-
agonal structure, some of the subsystems of the plat-
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form, ultimately arriving at a design in which all sub-
systems of the satellite platform and the instrument
are included in the hexagonal structure.

- Stable structure despite its size, which ensures that
errors due for example to fluctuations caused by sat-
ellite maneuvers, are minimum.

- Large sections of the segments and joints of hinges
and cones allowing to obtain high angular precision
between the segments in the deployed configura-
tion.

- Ability to meet easily a wide range of performances
with minor modifications in the system (larger reflec-
tor's diameter can be met varying just the length of
the segments, and circular to elliptical reflector con-
tour can be achieved varying just the angles among
the segments).

- Kinematics of the segments during deployment
makes their centers of gravity follow a lineal straight
pattern, easing the validation by test with a gravity
compensation device. The global center of mass
does not move during deployment, they can be fixed
or deployable.

- Feeder structural support is an integral part of the
stowed structure and, when the invention is deployed
and used as a reflector antenna, it plays the role of
feeder in the focal position.

- Placing everything away from the FoV of the instru-
ment, behind the reflector to enhance mission per-
formances.

- Guarantee the accuracy of the reflecting deployable
surface with respect to the target paraboloid.

- It provides the optimal geometric configuration for
an interferometric radiometer improving radio fre-
quency interference (RFI) and resolution and reduc-
ing noise.

[0013] The deployable assembly of the invention pro-
vides superior performance to those found to date in con-
ventional systems known in the art.

[0014] Two clamping mechanisms (could be clamp
bands) hold the folded assembly during launch and till
deployment.

[0015] The folded assembly is very compact and ro-
bust, enabling a small size of the system inside the
launcher available volume.

[0016] The design of the deployed structure can be
easily accommodated to different sizes for bigger or
smaller reflectors and satellites.

[0017] Although description is made for a hexagonal
configuration, it can be adapted to a different number of
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sides.

[0018] This structure is suitable for multiple purposes,
not only to deploy large reflectors but also to build large
antennas for Earth observation and telecom, build clus-
ters of foldable satellites coordinated and launched to-
getherand even build space debris capture systems. The
deployable structure of the invention is also self-support-
ing, sono auxiliary elements are needed in order to obtain
stiffness, guidance and shape during deployment.
[0019] Other features and advantages of the present
invention will become apparent from the following de-
tailed description of an illustrative embodiment and not
limiting its purpose in connection with the accompanying
figures.

Description of figures
[0020]

FIG.1 is an isometric view of a prior art large deploy-
able reflector attached to a satellite.

FIGS.2A, 2B and 2C are schematic overviews of the
object of the invention in the stowed, deploying and
fully deployed (operative) positions, respectively.

FIG.3 is a more detailed view of the stowed assem-
bly, in the launch configuration within the available
volume of the fairing.

FI1G.4 shows the deployed assembly in the operative
arrangement.

FIG.5 is a simplified view of the stowed and the de-
ployed assembly (feeder, boom, cable network and
reflective surface not represented).

FIGS. 6A to 6F show the main steps of the deploy-
ment of the structure and the assembly.

FIG. 7 shows the deployable assembly of the inven-
tion in an intermediate position of the deployment
process.

Detailed description of the invention

[0021] Figures 2A, 2B and 2C show the deployable
assembly for antennae of the invention in several stages.
Figure 2A shows the stowed position, figure 2B shows
an intermediate position in which the assembly is being
deployed, and figure 2C shows the fully deployed posi-
tion.

[0022] Figures 6A to 6F also show the deployable as-
sembly for antennae of the invention in several stages,
with more intermediate positions.

[0023] Figure 7 is a detailed view of the deployable
assembly of the invention in an intermediate position of
the deployment process, in which all of its elements can
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be seen.
[0024] The deployable assembly for antennae shown
in these figures comprises:

- a structure comprising:

- npairs of segments 4, 5, each pair of segments
4, 5 corresponding to one side of a deployed
polygonal shape,

- nhinge joints between the two segments 4, 5 of
a side, and

- nhinged angular links 6 between every two ad-
jacent sides, and

- areflective surface 9.

[0025] The structure is able to change from a stowed
position with a substantially cylindrical shape into a de-
ployed position with a substantially planar polygonal
shape with n sides, as it can be seen in figure 5.

[0026] The deployable assembly for antennae also
comprises:

- a deployable boom 3 between two segments 4, 5,
wherein the deployable boom 3 lays stowed between
the two segments 4, 5 before being deployed, the
deployable boom 3 ending in a feeder 1 that electro-
magnetically feeds the antenna and that comprises
a clamping element 2 for keeping the structure
closed when stowed, such that the feeder 1 plays
the role of structural support element when stowed
and electromagnetic feeder for the antenna when
deployed,

- asetof tensor elements 8 protruding from the back
of the segments 4, 5, and

- acable network 7 that can shape the reflective sur-
face 9, such that the corresponding cables are held
by the tensor elements 8.

[0027] Preferably, the deployable boom 3 is placed be-
tween two segments 4, 5 of the same side of the polyg-
onal shape, as it can be seen, for instance, in figures 6B
to 6F. The deployable boom 3 lies stowed, clamped and
protected between two segments 4,5 before being de-
ployed to meet the focal distance. Figures 6A to 6D show
the successive steps for the formation of the polygonal
shape with n sides, and figures 6D to 6F show the de-
ployment of the boom 3. In figure 6F the deployable as-
sembly for antennae of the invention is completely de-
ployed.

[0028] Figure 5 is a simplified view of the deployable
assembly of the invention mainly showing the structure,
where the feeder 1, the boom 3, the cable network 7 and
reflective surface 9 are not represented.
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[0029] As indicated, the feeder 1 can play the role of:

- afixation elementforthe segments 4,5 when stowed,
by means of the clamping element 2 (see figure 3,
for example), and

- anelectromagnetic feeder for the antenna, when the
feeder 1 is deployed.

[0030] The clamping element 2 can be, for instance, a
clamp band similar to the ones used in similar applica-
tions in spacecraft systems.

[0031] The deployed polygonal shape has n sides, cor-
responding to the n pairs of segments 4, 5. In the figures
that show an embodiment of the invention a hexagonal
shape has been chosen (see, forexample, figure 5). Each
pair of segments is formed by two symmetric segments
4,5, with ahinge joint as a linking element between them.
[0032] The deployable ring structure of the invention
has enough roominside to hold the necessary spacecraft
subsystems. It may contain everything needed to form a
complete satellite, like power systems, flight and attitude
control and communication with the Earth, though it can
also be conceived as a payload, attached to a bigger
satellite.

[0033] Figures 5 and 7 also show n hinged angular
links 6 between every two adjacent sides of the polygonal
shape, thus placed in each corner of the polygonal shape.
The shape can be defined as a regular or non-regular
polygon, in order to achieve a circular or elliptical contour
of the reflective surface 9. Figures 5 and 7 also show a
set of brackets 15 protruding from the back of the seg-
ments 4, 5 to shape the contour of the reflective surface 9.
[0034] The movement of the deployment of the struc-
ture is achieved by motors at each hinged angular link
6. The coordination can be guaranteed by mechanical
means and/or position sensors as feedback signals when
needed. The final position can be guaranteed by end-
stops, and the non-reversibility of the final deployed con-
figuration can be ensured with latches, if wished.
[0035] Thecable network 7 comprises several tension-
ing cables to ensure that the reflective surface 9 meets
its desired shape when deployed. As it can be seen in
figure 7, the tensioning cables can be held by tensor el-
ements 8 protruding from the back of the segments 4, 5,
able of tensing the tensioning cables.

[0036] By means of this configuration a tensioned ca-
ble network 7 is obtained. Preferably the reflective sur-
face 9 is a paraboloid formed by cables that work by
traction, as previously described.

[0037] As for the contour of the reflective surface 9, it
can be circular or elliptical.

[0038] The reflective surface 9 is folded, constrained
and protected inside the stowed structure during launch
(see figures 3 and 6A). The stowed structure protects the
reflective surface 9 from contacting and damaging the
feeder 1.

[0039] Figure 3 also shows a lower clamping element
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er after separation. It also shows the available stowed
height range 14 within the launcher, which defines the
diameter of the reflective surface 9.

[0040] Figure 5 also shows the minor axis 11 and the
major axis 12 of the contour of the reflective surface 9
when it is elliptical. It also shows the diameter 13 of the
structure in the stowed position.

[0041] The present invention represents a space
closed loop deployable assembly with a structure able
to change from a substantially cylindrical configuration
into a substantially planar polygonal configuration having
n sides:

- Holding tightly all the systems from launch till deploy-
ment, with the need of just two clamping elements
2, 10 (could be clamp bands).

-  Deploying a wide range of reflector antennae, main-
taining the same minimum amount of mechanisms.

- Accommodating all the systems traditionally con-
tained in a service module (such as propulsion, pow-
er generation, navigation, etc) inside its deployable
segments.

- Easing the design, analysis, manufacturing and As-
sembly Integration & Testing (AIT) tasks.

- Suitable for multiple purposes:

o Earth observation (Large Deployable Reflec-
tors, radiometers, radars)

o Telecom

o Space debris capture

o Cluster of coordinated satellites launched to-
gether to reduce costs and sub-sequent space

debris at the end of life.

o Building segments for larger space structures
assembled in space

[0042] Although the present invention has been fully
described in connection with preferred embodiments, it
is apparent that modifications can be made within the
scope, not considering this as limited by these embodi-
ments, but by the content of the following claims.
Claims

1. Deployable assembly for antennae, comprising:

- a structure comprising:
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- n pairs of segments (4, 5), each pair of
segments (4, 5) corresponding to one side
of a deployed polygonal shape,

- n hinge joints between the two segments
(4, 5) of a side, and

- n hinged angular links (6) between every
two adjacent sides,

such that the structure is able to change from a
stowed position with a substantially cylindrical
shape into a deployed position with a substan-
tially planar polygonal shape with n sides, and
- a reflective surface (9),

characterized in that it additionally comprises:

- a deployable boom (3) between two segments
(4, 5), wherein the deployable boom (3) lays
stowed between the two segments (4, 5) before
being deployed, the deployable boom (3) ending
in a feeder (1) thatelectromagnetically feeds the
antenna and that comprises a clamping element
(2) for keeping the structure closed when
stowed, such that the feeder (1) plays the role
of structural support element when stowed and
electromagnetic feeder for the antenna when
deployed,

- a set of tensor elements (8) protruding from
the back of the segments (4, 5), and

-acable network (7) thatcan shape the reflective
surface (9), such that the corresponding cables
are held by the tensor elements (8).

Deployable assembly for antennae, according to
claim 1, wherein the reflective surface is a paraboloid
with circular contour.

Deployable assembly for antennae, according to
claim 1, wherein the reflective surface is a paraboloid
with elliptical contour.

Deployable assembly for antennae, according to any
of the previous claims, that additionally comprises a
set of brackets (15) protruding from the back of the
segments (4, 5) to shape the contour of the reflective
surface (9).

Deployable assembly for antennae, according to any
of the previous claims, that additionally comprises a
lower clamping element (10).

Deployable assembly for antennae, according to any
of the previous claims, wherein the deployable boom
(3) is placed between two segments (4, 5) of the
same side of the polygonal shape.

Deployable assembly for antennae, according to any
of the previous claims, that additionally comprises
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motors ateach hinged angular link (6) between every
two adjacent sides.

8. Deployable assembly forantennae, according to any
of the previous claims, that additionally comprises
latches to ensure the non-reversibility of the final de-
ployed position.

Statement under Art. 19.1 PCT
1. Deployable assembly for antennae, comprising:
- a structure comprising:

- npairsofsegments (4, 5), each pair of segments
(4, 5) corresponding to one side of a deployed
polygonal shape,

- nhinge joints between the two segments (4, 5)
of a side, and

- n hinged angular links (6) between every two
adjacent sides,

such that the structure is configured to change from
a stowed position with a substantially cylindrical
shape into a deployed position with a substantially
planar polygonal shape with n sides, and

- areflective surface (9),
characterized in that it additionally comprises:

- a deployable boom (3) between two segments (4,
5), wherein the deployable boom (3) lays stowed be-
tween the two segments (4, 5) in the stowed position,

- afeeder (1) on an end of the deployable boom (3),
the feeder (1) being configured to electromagneti-
cally feeds the antenna and that comprises a clamp-
ing element (2) for keeping the structure closed when
stowed, such that the feeder (1) plays the role of
structural support element when stowed and elec-
tromagnetic feeder for the antenna when deployed,

- asetoftensor elements (8) protruding from the back
of the segments (4, 5), and

- acable network (7) that can shape the reflective sur-
face (9), such that the corresponding cables are held
by the tensor elements (8).

2. Deployable assembly for antennae, according to
claim 1, wherein the reflective surface is a paraboloid
with circular contour.

3. Deployable assembly for antennae, according to
claim 1, wherein the reflective surface is a paraboloid
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with elliptical contour.

4. Deployable assembly for antennae, according to
any of the previous claims, that additionally comprises a
set of brackets (15) protruding from the back of the seg-
ments (4, 5) to shape the contour of the reflective surface
(9).

5. Deployable assembly for antennae, according to
any of the previous claims, that additionally comprises a
lower clamping element (10).

6. Deployable assembly for antennae, according to
any of the previous claims, wherein the deployable boom
(3) is placed between two segments (4, 5) of the same
side of the polygonal shape.

7. Deployable assembly for antennae, according to
any of the previous claims, that additionally comprises
motors at each hinged angular link (6) between every
two adjacent sides.

8. Deployable assembly for antennae, according to
any of the previous claims, that additionally comprises
latches to ensure the non-reversibility of the final de-
ployed position.
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